Thermodynamics of peptide inhibitor binding to HIV-1 gp41.
The gp41 subunit of the human immunodeficiency virus type 1 envelope glycoprotein mediates fusion of the cellular and viral membranes. The gp41 ectodomain is a trimer of alpha-helical hairpins, where N-terminal helices form a parallel three-stranded coiled-coil core and C-terminal helices pack around the core. A deep hydrophobic pocket on the N-terminal core represents an attractive target for antiviral therapeutics. We have employed a soluble derivative of the gp41 core ectodomain and small cyclic disulfide D-peptide inhibitors to define the stoichiometry, affinity, and thermodynamics of ligand binding to this pocket using isothermal titration calorimetry. These inhibitors bind with micromolar affinity to the pocket with the expected stoichiometry of three peptides per gp41 core trimer. There are no cooperative interactions among the three binding sites. Linear eight- or nine-residue D-peptides derived from the pocket-binding domain of the cyclic molecules also bind specifically. A negative heat capacity change is observed and is consistent with burial of hydrophobic surface upon binding. Contrary to expectations for a reaction dominated by the classical hydrophobic effect, peptide binding is enthalpically driven and is opposed by an unfavorable negative entropy change. The calorimetry data support models whereby dominant negative inhibitors bind to a transiently exposed surface on the prefusion intermediate state of gp41 and disrupt subsequent resolution to the fusion-active six-stranded hairpin conformation.